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�b�¦�Á®¦®�´Z�ds¦

b�º-�²ÀXcÂz��À¦|À¯��Ï
¶º] bº�º-�²ºÀXcÂz��°¦vºº¤¯�²¿zd�À]�¶§�v·®¾¯�ÀZ�³�Ð ¾Âvk
²ºÀXcÂz��Äººdp¯�²¿zdº°§�Â��Zº¨¬À§�²º�Â°�vºº�°®�z ��ÁzÀk
�®°¦®�´Zºº�ds¦�Z¨¬À§�²�Â°�v�°®�ÎÒ ÄÂZo�ÁzÀk�¶]�b�º-
��3�Í�ÍÒ��vº³¦Á®¦®�ÀZºº�³�Ä°¦®¾´�¯�»Èds¦�|À³�z.¿v¨¿�Z]�¶§
²¿zd°§�¶§���v�°®�z ���¾]z#�ÀÂv]�ÁzÀk�¶§�®º�¾¯�¶�oÈ¯
vº�°®�²¿zdº�À]��®ºº] Ávº� f�Zº] ¦°�bºº�º-�Ä¦ÁzÀs¯�¾]z#
²ººÀ]�¶§�v·®¾¯�ÀZ�³�\¬�¯�²¿¦��b�¦�Á®º°³�ª�Zo�¦°�²ÀXcÂz�
±¦��bº�¦�¶d�¦®�®ºkÂ�¾ ´¯�¾.d�]®·��b�º-�²ÀXcÂz��Â�¾]z#
ÄÞz³¦�ÄZ·Äv´¯±ZÀ³�²À¯Pc�±¦�~��ÁzÀk�¾]z#�®¦±Z¯��z.¿®�Äº�
Zº] vº�°¾¯�zº�³�¶ºº] �²¿¦z]Z´]��v��v·¦ºs�ÁzÀs¯�Àv]�°®��¾·Z¯
�bº�º-�²ººÀXcÂz��Â�¾]z#�v�°®�²À]�¾ ´¯�¾.d�]®·�¶]�¶kºc
�vºº�Z]�Áv��b�º-�²ÀXcÂz���·Z§�f�Z]�¾]z#�Äºdp¯��¿¦|�¦
j¿Zºd³�|Àº³ �ÏÏ��À¦°Zº¨°·�Â�Ü¦°vºº¿Â�Â��Ñ��À¦°Z¨°·�Â�±°¦º«¡
À®Â|ºº�¦�¶º§ vº³®zº§ ¿È�¦�ÀZ³¡��v³¦Á®º°³�³°¦|-�¦°�¾º¸]Zº�¯
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�����\À§zc�Â�¾�°Âz��©Z ��z]��ÁzÀk °®�Z¨¬À§�¾·Z¯�²�Â°��¬dt¯�¬º���zg¦

ÏÒÎ

v^§�¾]z#�Â�b�º-�¾¿ZÀ°À��\À§zc�z]�Z·ÁzÀk�zg¦�¶�¿Z¤¯��Ð ¾Âvk
����b�º- ÁzÀk�Á°Z°�ÁzÀk�¾]z#�n��

���¦�s�Á®Z¯¾]z#²ÀXcÂz�zd�§Zs
����v^§
¾]z#

Î
Ï
Ð
Ñ
Ò

Í
Ò
ÎÍ
ÎÒ
ÏÍ

ÏÓ�ÍÒ
ÏÕ�ÑÏ
ÏÕ�ÐÐ
ÐÍ�ÕÓ
ÏÖ�ÕÍ

Ñ�ÒÓ F

Ô�ÍÐ E

Ô�ÎÒ E

Õ�ÔÎ D

Õ�ÓÑ D

ÏÍ�ÍÓ D

ÎÖ�ÔÖ DE

ÎÖ�ÔÎ DE

ÎÖ�ÐÕ F

ÎÖ�ÒÕ FE

Î�ÑÐ
Î�ÓÍ
Î�ÑÔ
Î�ÔÔ
Î�ÒÕ

Õ�ÐÒ E

ÎÍ�ÏÒ DE

ÎÏ�ÍÍ DE

ÎÑ�ÎÒ D

ÎÑ�ÔÒ D

��3!Í�ÍÒ��v³°¦v³�Ä°¦®¾´�¯�»Èds¦�v´d�·�¶]Z�¯�»zo�Ä¦°¦®�¶§�Ä®¦v�¦�Àºd��z·�°®
v�°®��·Z§�f�Z]�ÀZ°§�²À.³°�ÄÇ¡¾|£�¾·Z¯�ÁzÀk�°®�¾]z#

�®®z-¾¯�¶�Ç�²ÀXcÂz�

b�º-�zd�§Zs�À¦|À¯��Ð
zdºº�§Zs�Äºdp¯�z�³�±¦��¬dt¯�ÄZ·ÁzÀk�²À]��Ð ¾Âvk�`¿Z��z]
ÁzÀºk �Ä®vºº� z�³�±¦�¾«Â��b�¦�Áv�³�Áv¿®�Ä°¦®¾´�¯�»Èds¦
zd�§Zs�Äºdp¯�²¿zd�À]��Z¨¬À§�²�Â°��¾]z#�v�°®�ÎÒ ÄÂZo
°¦vº¤¯�vºº�°¾¯�z�³�¶]��b�¦�Á®¦®�´Z�ds¦�®ºs�¶]�¦°�b�º-
bº¬��¶º] bº�¦�Ávº� ª�Zººo ÁzÀk�²¿¦�±¦�¶§�Äzd�À]�zd�§Zs
¶º§ bº�¦®�zº�³�°®�v¿Zº] ¶ºd^«¦��vºº�Z]�zd�À]�À±Â��¿¦|�¦�®Zl¿¦
°®�¾ºº§v³¦�°ZÀ�]�zÀgPc�ÁzÀk�²ÀXcÂz��Â�¾]z#�n���zÀÀ�c�>Çº°�¯
Â�±°¦ºººº«¡��¶º´À¯±�²º¿¦�°®���Ð��bº�¦®�vº·¦ºs�¶º�Ç�zdº�§Zs
¾º]z#��ºº¬dt¯�z¿®Z¤¯�Z]�¶§�v³¦Á®º°³�³°¦|-�|À³��Ñ��À¦°Z¨°·
Ávº¿®�bº�º-�zdº�§Zs�Äºººdp¯�°®�Ä°¦®¾´�¯�©ÂZ c�ÁzÀk�°®

�v��v·¦ºt³
°®��º·Â&��²º¿¦�±¦�ª�Zºo j¿Zººd³�¶]�¶kºc�Z]��¾¬§�°º��¶]
°®�Z¨¬À§�¾·Z¯�²�Â°��ÁzÀk�°®�¾]z#��¬dt¯�z¿®Z¤¯�zÀgPc�®°º¯
vº�°��À±Â��º¿¦|�¦�Àººº$°·��¾�°Âz� ©Z ��z]���¿Z¯±¡�²¿¦
zº] |Àº³ Â��bºÀ��Â��sZº� Â�½¦°ººs ªºº¿v^c�\¿z���Á&¿Â
zdºº�§Zs�Â�²ºÀXcÂz���¾º]z#�v´³Zº¯ �bº�º-�¾¿ZÀ°Àº� \ºÀ§zc

Z]�¶§�b�z-�¶lÀd³�²À´#�À¦ºc¾¯��v^§�¾]z#�²À´#®·�Â��b�º-
¾¿ºk¶º�z��ÁzÀºk ²ººÀXcÂz��°¦v¤¯�°®�À¦ºc¾¯�¾]z#�±¦�Á®Z d�¦
¶§�¾]z#�v´¯®º��°Zg¡�±¦�½¦°ºs�¶´¿|·��·Z§�z]�ÁÂÈ��Â��®º°³
®ºº�¾¯�½¦°ººs Äxº�¯�®¦ººº¯ z.¿®�±¦�Ä°ÂÁz¸]��¿¦|�¦�f�Z]
®°ººº¯ ÄÞz³¦�Áv´´§�²À¯Pc�v³¦ºc¾¯�¾]ºs�¶]�¾]z#�Â��®z]�Á®Z d�¦
`º¿Z��zºº] À¦ºc¾¯��²¿¦z]Z´]��v�Z]�ÀZ°§�²À.³°�ÄÇ¡¾|£�¾·Z¯�±ZÀ³
��ÏÎ Â�Õ��z.ºº¿®�ÄZ·�·Â&��j¿Zd³�²À´#®·�Â��z�Zo��·Â&�
n�ºº� Z]��¾]z#�À¦º´��¶]�¦°�Z¨¬À§�¾·Z¯�²�Â°�v�°®�ÎÒ À¦|À¯
ÀZ°§�²À.³°�ÄÇ¡¾|£�¾·Z¯�¾¿¦x��ÁzÀk�°®��²ÀXcÂz��v�°®�ÐÒ

�®º°³�¶À�ºc

Ä°¦|.�Z��
�]Zº´¯�Â�Ä±°ÂZº�§�ÄZ·Áv¨º�³¦®�°®�À¦°Zº¨°·�±¦�¶¬Àºº�Â�²¿v]
Â�¾º�À^���]Zºº´¯�©Z¤À¤pc�|§z¯��ÀZ¸ �¦�¾d�´��ÁZ.�³¦®�¾�À^�
Â�¾ºXº�¯�²ºÀ´#®º· Â��ÀZ¸º �¦�Ä±°ÂZº�§�®Z¸ºk ¾ºº¯¦® ¿º¬�
¶ºÀ¬§�Â��ÀZ¸º �¦�ÀZº¿|]¡�³°Âzºº� Â�zÀh¨c�|§z¯�¿zdp¯�ÀZ´§°Z§
Ä°Zº¿ Â�¦º°§��º·Â&��²º¿¦�¿Zºl³¦�°®�Äººp³�¶º] ¶ºº§ ¾³Z�§

�®®z-¾¯�¾³¦®°v£�Â�z¨�c�v³v³Z�°

Á®Z d�¦�®°º¯��]Z´¯
�¾Â¦�v¬k���¶°kzc��¹z¯ ¶¿x�c �ÎÐÔÍ �«��Z�°°º� �Î
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ÎÐÕÏ °Z¸]���¾Â¦�Á°Z°����®d ·�¾Z����¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÏÒÏ

�ÀÈÀ-�ÁZ.�³¦®���¶°kzc� ¾·Z¯�®§¦zd¯³°Âz� �ÎÐÔÒ �v°d�¯��½��¿ Â��¿��Ä°Zd� �Ï
©¦°vÀ·º]z§��¬dt¯��]Z´¯�©¦zg¦�¾�°z]��ÎÐÔÕ �Ä®Z^���°��¿�Â�¾¨d�¦��¸��Z�°°º���«��¾³ZÀ�º��¾]º^p¯��À���½��²��¾³Z��¶¯È� �Ð

�ÎÐÖ�ÎÐÕ �ÑÍ ¾-v³±Z��Â��·Â&��¶¬l¯��¾«º°�¯�°º�§�¾·Z¯�b�º-�bÀ À§�z]
�� $OYDUH]�� 0�� -�� &�� -�� /RSH]�%RWH�� $��'LH]��*��&RUUD]H��-��$U]HO��6��-��.DXVKLN�DQG�-��0��%DRXWLVWD��������'LHWDU\

ILVK� RLO� DQG�GLJHVWLEOH�SURWHLQ�PRGLI\�VXVFHSWLELOLW\�WR�OLSLG�SHUR[LGDWLRQ�LQ�WKH�PXVFOH�RI�UDLQERZ�WURXW�DQG�VHD
EDVV��%UL��-��1XWU��������������

�� %HDPLVK�� )�� :��+��DQG�7��(��0HGODQG��������3URWHLQ�VSDULQJ�HIIHFWV�LQ�ODUJH�UDLQERZ�WURXW��$TXDFXOWXUH�����������
���

�� &KR�� &�� <�� DQG� 6�� -��.DXVKLN��������1XWULWLRQDO�HQHUJHWLFV�LQ�ILVK�SURWHLQ�DQG�HQHUJ\�XWLOL]DWLRQ�LQ�UDLQERZ�WURXW�
��WK 6\PS��RQ�(QHUJ\�0HWDEROLVP�RI�)DUP�$QLP���($$3�3XEO��

�� &KRX�� %�� DQG� 6�� 6KLDX�� ������ 2SWLPDO� GLHWDU\�OLSLG�OHYHO�IRU�JURZWK�RI�MXYHQLOH�K\EULG�WLODSLD��$TXDFXOWXUH�����
��������

�� &RZH\��&��%��DQG�-��5��6DUJHQW��������1XWULWLRQ�LQ�)LVK�3K\VLRORJ\��$FDGHPLF�3UHVV� 1HZ�<RUN�
�� *ULVGDOH��+��%��DQG�6��-��+HOODQG��������5HSODFHPHQW�RI�SURWHLQ�E\�IDW�DQG�FDUERK\GUDWH�LQ�GLHWV�IRU�$WODQWLF�VDOPRQ

DW�WKH�HQG�RI�WKH�IUHVK�ZDWHU�VWDJH��$TXDFXOWXUH��������������
��� *URRS�� -��� $�� 6FKZDOE�%XHKOLQJ�� +�� .RRSV�DQG�.��7LHZV��������2Q�WKH�SURWHLQ�VSDULQJ�HIIHFWV�RI�GLHWDU\�OLSLG�LQ

SHOOHW�IHHGV�IRU�UDLQERZ�WURXW��$UFK�)LVKHULZLVV����������������
��� .DXVKLN�� 6�� -�� DQG� $�� 2OLYD� 7HOHV�� ������ (IIHFW�RI�GLJHVWLEOH�HQHUJ\�RQ�QLWURJHQ�DQG�HQHUJ\�EDODQFH�LQ�UDLQERZ

WURXW��$TXDFXOWXUH������������
��� .LP�� .�� /�� DQG� 6�� -�� .DXVKLN�� ������ &RQWULEXWLRQ� RI� GLJHVWLEOH� IRUP� RI� FDUERK\GUDWHV� DQG� HVWLPDWLRQ� RI

SURWHLQ�HQHUJ\�UHTXLUHPHQWV�IRU�JURZWK�RI�UDLQERZ�WURXW��2QFRUK\QFKXV�P\NLVV���$TXDFXOWXUH��������������
��� 0XUDL��7��������3URWHLQ�QXWULWLRQ�RI�UDLQERZ�WURXW��$TXDFXOWXUH��������������
��� 1DWLRQDO� 5HVHDUFK� &RXQFLO�� ������ 1XWULHQW� 5HTXLUHPHQWV� RI� &ROGZDWHU� )LVKHV�� 1DWLRQDO� $FDGHPLF� 3UHVV�

:DVKLQJWRQ�'�&�
��� 1DWLRQDO� 5HVHDUFK� &RXQFLO�� ������ 1XWULHQW� 5HTXLUHPHQWV� RI� &ROGZDWHU� )LVKHV�� 1DWLRQDO� $FDGHPLF� 3UHVV�

:DVKLQJWRQ�'��&�
��� 3DJH�� -�� :�� DQG� -�� :�� $QGUHZV�� ������ ,QWHUDFWLRQ� RI� GLHWDU\� OHYHOV� RI� SURWHLQ� DQG�HQHUJ\�RQ�FKDQQHO�FDWILVK

�,FWDOXUXV�FDUSLR���-��1XWU�����������������
��� 5HQLW]�� *��/���/��(��2UPH��$��/HPP�DQG�)��+LW]HO��������,QIOXHQFH�RI�YDU\LQJ�OLSLG�FRQFHQWUDWLRQV�ZLWK�WZR�SURWHLQ

FRQFHQWUDWLRQV�LQ�UDLQERZ�WURXW�GLHWV��7UDQV��$P��)LVK��6RF������������������
��� 5XRKRQHQ�� .��� -�� 9LHOPD� DQG� '�� -�� *URYH�� ������ *URZWK� DQG�IRRG�XWLOL]DWLRQ�RI�UDLQERZ�WURXW��2QFRUK\QFKXV

P\NLVV��IHG�ORZ�IDW�KHUULQJ�GU\�GLHWV�HQULFKHG�ZLWK�ILVK�RLO��$TXDFXOWXUH��������������
��� 6FKZDOE�%XHKOLQJ�� $��� -��*URRS��+��.RRSV�DQG�.��7LHZV��������2Q�WKH�UHODWLRQVKLS�EHWZHHQ�SURWHLQ�DQG�HQHUJ\�LQ

WURXW�IHHG��,1)��)LVFKZLUWVFK��������������
��� 7DFRQ�� $�� *�� -�� ������ 6WDQGDUG� 0HWKRGV� IRU�1XWULWLRQ�DQG�)HHGLQJ�RI�)DUPHG�)LVK�DQG�6KULPS��,��7KH (VVHQWLDO

1XWULHQWV��$UJHQW�/DERUDWRULHV�3UHVV��5HGPRQG��:DVKLQJWRQ�'��&�
��� 7DNHXFKL�� 7��� 0�� <RNR\DPD�� 7�� :DWDQDEH� DQG� &�� 2JLQR�� ������2SWLPXP�UDWLR�RI�GLHWDU\�HQHUJ\�WR�SURWHLQ�IRU

UDLQERZ�WURXW��%XOO��-DS��6RF��6FL��)LVK�����������������
��� :HDWKHUXS�� 5��1���.��-��0F�&UDFNHQ��5��)R\��'��5LFH��-��0F�.HQGU\��5��-��0DLUV�DQG�5��+RH\��������7KH�HIIHFWV�RI

GLHWDU\� IDW�RQ�SHUIRUPDQFH�DQG�ERG\�FRPSRVLWLRQ�RI�IDUPHG�UDLQERZ�WURXW��2QFRUK\QFKXV�P\NLVV���$TXDFXOWXUH
�������������

��� :LQIUHH�� 5�� $�� DQG� 5�� 5�� 6WLFNQH\�� ������ (IIHFWV� RI� GLHWDU\� SURWHLQ� DQG� HQHUJ\� RQ� JURZWK��IHHG�FRQYHUVLRQ
HIILFLHQF\�DQG�ERG\�FRPSRVLWLRQ�RI�7LODSLD�DXUHD��-��1XWU�����������������
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